
ARB 2rf,98.-t'5 
----7tp 

IMPROVED ZIRCONIUM ALLOYS 

U. s./EURATOM PROGRAM 
Contract No. AT(11- 1)-578 
Project  Agreement No. 1 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



This document was prepared under the sponsorship of the United States Atomic 
Energy Commission pursuant to the Joint Research and Development Program 
established by the Agreement for Cooperdtion migned November 8, 1958 between 
the Government of the United States bf America and the European Atomic En- 
ergy Community (Euratom). Neither the United States, the U. S. Atomic Energy 
Commission, the European Atomic Energy Community, the Euratom Commis- 
sion, nor any person acting on behalf of eithbr Commission: 

A. Makes any warranty or  reprtsentation, express or implied, with respect to 
the accuracy, completeness. or usefulness of the information contained in 
this document, or that the use of any information, apparatus, method, or 
process dieclosed in this documhnt may not infringe privately owned rights; 
or 

B. Assumes any liabilities with respect to the use of, or for damages resulting 
from the use of m y  information, apparatus, method or  process disclosed in 
this document. 

As used in the above, "person acting on behalf of either Commissionn in- 
cludes any employee or contractor of either Commission or  employee of such 
contractor to the extent that such employee or contractor o r  employee of such 
contractor prepares. handles, disseminates, or provides access to, any infor- 
mation pursuant to his emplol d or contract with either Commission or his 

I employment with such contrac.". . 



ARMOUR RESEARCH FOUNDATION 
of 

ILLINOIS INSTITUTE O F  TECHNOLOGY 
Technology Center 

Chicago 1 6, Illinois 

I IMPROVED ZIRCONIUM ALLOYS 

'..ARF i . i 9 8  -.f5 . ' ' 

(Quarterly Report)  

January , l ,  1961 - March 31, 1961 

( EURA EC-8 7 ) 

Contract No.. AT( 11- 1)-.5;78 
~Project.Agreement No. -1 

U. S. /EURATOM PROGRAM 
Joint Re-search and Development Board 

51-53 rue Belliard 
Brussels,  Belgium 

. ._. ...... 
.~~~~+j~~;:,&:$,:i:,j~, ... .< . .. . 1:9:6,i 

A R M O U R  R E S E A R C H  F O U N D A T I O N  O F  I L L I N O I S  I N S T I T U T E  O F  T E C H N O L O G Y  



.I.MPRO;VED ZIRCON.I-UM ALLOYS 

I. SUMMARY OFPROGRESSTODATE 

The .development .of :impr owed. :zirconium--al_loy.s .!for .service in super - 
heated -water and s team has involved the preparation of sbme 100 compositions 

by a r c  melting follawed by hot rolling. "Initial studies a r e  being concentrated 
/--- 

I on. twentyrfive binary systems and seven zirconium-niobium.base ternary 
, 
j .system,s.. . -A compl.ete: :list .of $he ..al,loy,s under :.investigation was- pr:e,sented.:in 

I-'the previous :Quarterly Report \(ARF 2i.98;-.ill.). 
. . .  

':. ~or.ros.fon .te,st.ing of these :.alloys. .ha-s ,been conducted- in 68QP I? wat:er 
. . 

for ... time.s up,,:to 1 m 3  hours; rontrol  specimen,^ .of 'zirc&1oy- 2. wer.e~,inc.luded in 

.the.se f.e.sta. :Som.e:fifty .comp.ositions . . which exhibited pr.ornising ,cprr.o.s"ion 

, <.behavi.or .,in 680P F water :are beihg.tested in 750O.F steam, ..At the end :of the C 
. current reporting interval, .45'5 'hours of .exposur'e time had been .accumulated 

'on the:se s'peC.imens. Corrosion tes ts  of some of khe more  promi,si:ng aJ1oy.s 
. . .  

-'-'have .also been conducted 'in 900°'F steam,. Data are.availabl'e for .the initial 

exposure period of 97 hours. ~R.esults of these tes ts  in'  superheated .wate.r. and 

s:te.arn ,for.m the ba:sis for the planning of  ternary :and m.0r.e .complex ~zi'r.c.onium- 
, , . , 

base 'comp,ositi'ons. 

The effect of zirconium purity on corrosion behavior i s  under study. 

.Specimens of iodide and sponge zirconium have been refined by electron-beam 

melting. Hardness and metallographic studies have been conducted on the.se 

xnat'er.ials, and .sh'eet samples have been pr.epar.ed for .c.orropion testing. 

Preliminary transformation kinetics studies have been conducted * 
in beta-quenched specimens of Zr - 30Nb and Zr - 30Nb- 5 M o  alloy to evaluate 

the stability of retained beta a t  680°F. Hardness ,measurements have been 

taken after annealing times of 350 hours. Sheet samples ,of the ternary alloy 

in  the retained beta condition have been prepared for evaluation of corrosion 

behavior. 

Cqmpositi'ons a r e  reported . . in weight ;per cent. 
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Tensile test  data have been obtained for ten of the zirconium-base 

alloys under investigation. . The test  temperature was 680°F,  and a sample I- 
of Zircaloy-2 was included for  purposes of comparison. 

.11. .PR 1N.CLPA L..INVESTIGATOR'S 

D.:' .Weinstein - Project: 'Engineer 

This program h'as .as .,its obj;e.ctive the .develppment of i5rconiurn- 

base alloys .having superfor 680° F .water ,:andlor 7 5 0 9 ~  9D0° F sf eam tor:.- 

r osion r.esist'anc-e. The dev.el.oprnent of :alloys having bigher , strength than 
'. Zl'r'caloy- 2 a t  curr.ent t.empe'ratur.e r,anggs ?s also .a .ma);or pr.ogr:am objective. 

These studies inklude .an ,evaluation of the effect of heat treatment 'on cor-  < 
rosion r.esistance; r,etained beta .structures .in..Zr-.Nb base a1lqy.s 'will b.e 

corr.oeion R,ested. ' In addition, th.e effects of ,zi'rc.onium purity :on .corrosion 

reeietance, .and hydrogen pickup during corrosion .will be determined for 

,promi'sing comppsitions. 

dV. ,DES.CRIPTION OF. WORK- -'RESULTS 

Major efforts under the current program have been devoted to gn 

evaluation of corrosion resistance of a wide range of binary zirconium-base 

alloys; several ternary zirconium-niobium base materials were also studied. 

Corrosion behavior will be used in planning of ternary and higher order alloys. 

Table I presents the results of corrosion tes ts  in 6 8 0 ° F  water, and in 750° and 

9007 F steam for  alloys in the alpha-annealed condition. Materials having unac- 

ceptable corrosion resistance (high weight gain or white oxide coating) a r e  

designated by :an asterisk; the remaining compositions a r e  being tested for 

additional periods of time, Alloy systems of .interest in 6 8 0 ° F  water include 

Zr -(Nb, .Sb, Cr ). 

Test results after 329 hours in 750°'F steam show corrosioli mini- 

mums in the. Z r  -V and- Zr -Sb systems, and increasing tin levels produce 

improved corrosion resietance. Certain compositions in the syetems 

Zr -(Nb, Fe,  Mo, Pd) also exhibit promising preliminary corrosion properties 

in 7 5 0 ° F  steam. Initial tes t  data in steam at  9 0 0 ° F ,  showed promising 
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behavior for Zr -O.5NbY' Zr - IV, .Zr-3Cr alloys, and for the Z r -Fe  and Zr-Mo 

systems. Of particular interest would be the 900O.F steam corrosion r e  - 
sistance of binary alloys containing greater than 3 per cent iron. These data, 

being of a preliminary nature a r e  used for determining the effect of alloy 

additions on corrosion resistance; they do not necessarily indicate acceptability 

of any particular binary alloy a s  a fuel cladding. 

Tensile data at  6809 F were obtained on selected compositions for 

the purpose of determining the relative strengthening effect of alloy %additions. 

As indicated in Table 11, Zr - 1V exhibits relatively high strength and moderate 

ductility. Thus, the tensile properties and steam corrosion behavior indicate 

that Zr - 1V i s  a highly promising alloy and would warrant further development 

effort. The comp-ositi~ns Zr - 1Sb and Z r  - 1 Mo may be .similarly classified. 

V. FUTURE WORK 

At the end of the current reporting period, corrosion testing of 

promising compositions was being continued in 680°'F water, .and in 7 5 0 h n d  

900°F steam. The present contract i s  scheduled to be terminated on April 30, 

1961; corrosion data will be accumulated to that date. In anticipation of a 

possible continuation of this work, a number of ternary alloys a r e  being 

planned. Longer-time corrosion data, especially in steam at  750' and 900" F, 

will be required for evaluation of binary systems, so that more  complex alloys 

can be prepared for higher temperature service. Other corrosion studies will 

include the testing of alloys prepared from electron-beam melted zirconium 

stock, and also the evaluation of corrosion resistance of retained beta alloys 

including Zr -30Nb-5Mo. 

As ternary or higher order alloys having promising c o r r o ~ i o n  

resistance a r e  developed, these materials will be evaluated for tensile 

strength and other mechanical properties in the temperature range of 680' 

- to 9OOP F. In addition, studies of hydrogen pickup during corrosion will also 

be conducted on the more promising compositions. 

VI. CONCLUSION 

This program i s  concerned with the development of zirconium- 

base alloys having improved corrosion resistance and/or strength. A major 
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improvement over Zircaloy is desired,  and the approach to  this  development 

involves screening (by cor ros ion  res i s tance)  a wide range of binary alloys. 

.As originally planned, these  data  -would manifest  promising compositions and 

therefore allow logical planning of t e rna ry  and higher pr der  alloys. Indeed, 

the binary screening p rogram has  indicated a number s f  promising compo- 

sitions for  both water and s t eam service,  and t e rna ry  qlloys a r e  being 

I planned. 
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CORROSION BEHAVIOR O F  BINARY ZIRCONIUM ALLOYS 

IN* SUPERHEATEDa WATER AND. STEAM 

680" F Water 750° F Steam 900°F Steam 
Composition 1043 h r  1902 h r  329 h r  97 h r  

:::Zr.- 5.Nb r emoyed. a f te r  .,35.5 h r  - 7 . i .  2d"t .t.26.'"6'8 * 

-: ':Zr.-0.. 2'5V 29.49 '* * 
:40 . .67 ."* .:ij,7.. .4't'.. .a . a 

:Zr.- IV : -38..58 5 7 . 1  6* .z?... 19 :6'9...05 
.ioc ,': * ..;Z r .- 3V r.:emov.sd. .. after  : 1.68 h r  :..a :a 

':: . : ~ r , - 5 ~  r+emov.ed ,af$er A.68 h r  - - - -  647 .a* 
: : . ~ r . - . 9 ~  . r.emowed, :after :1'68 h r  - - - -  . $ .a 
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TABLE I.(co.ntinu:ed) 
A- \ 

. . . . . . - . , ,. .. 
68'0°F. Water 7:50'0 . ::. m ' '9,00°'F.Ste,am. .. .,. .., - . . .. 

... Composif $on .I 043 h r  .i 9.02 h r  . 3  2.9 h r  .97 h r  ' :. 

I -8 

Z r -  3Mo 

Zr-0'. 25rl'a 

Z r -  i'Pt. 

-,2'2.. 26 :23..,28 

52 .. 3 i* - - .- .- 

r9emoved af ter  .1'68 h r  

.2 1 .-8.6 '28 ... 8 1 

3 1  : 35 33. 5'1 

27..:55 .28.:93 

38.47 47,. .8 3 

' * 
'46 .'.67 45.:58'a 

44.06 50 . .5:1 
49,..98 69. 39,* 

removed .after 168 h r  

36. 6'5 .39.. .27 * 
'26; .40 .54, :I 2 

A R M O U R  R E S E A R C H  F O U N D A T I O N  O F  I L L I N O I S  I N S T I T U T E  ,OF T E C H N O L O G Y  

- 6 ,- AR F 2'1.98 - 1 5 
(,Quar:tarty Report)  

- ~ - - - 

jjohnson
Rectangle



TABLE I '(continued] 

680" F Water 750" F Steam 900°'F Steam 
1043 hr 1902 hr .3'29 hs -97 hr  

. . .  Zr-  lG.e 

21.'87 2 6 . '. 24 

ft.6 . .4 0 35.'54 

r.emov.ed after 355 hr  

24.. : 1'2 27. .40 - 
4.7,. :88 6'2..03* 

.35.:73 38 ..38* 

r emov.ed ,aTt.er 3.55 .hr 

.33.73 4'1 :35 

.'34.:52 .3i ,  '7'5 

q.1; '.I 4 48.17.2 

r.e&.owed after .355 hr  

8 .Unacceptable car  r:osion resistance - -discontinued from further .testing. 

a Oxide coating lifting from metal subsurface or  severe spalling and 
disintegration occurred. 

- - .No test;. 
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T ENS:IL.E"PR OPER TIES .OF SELECT ED >EXPER7-ALL . . . ' . 
. , 

. ., .<.. 
ALLO.YS :AT 68.O0'F. ' .  

. ... . . . .. 

Ultimate 
Tensile Strength Elongation .(I  in. ) 

Composition (psi) (per cent) 

Unalloyed Zr 16, DO0 "' 45* 

* :'Obt&ined. from .liter.ature. 

A R M O U R  R E S E A R C H  F O U . N D A T I O N  O F  I L L I N O I S  I N S T I T U T E  O F  T E C H N O L O G Y  

- 8 .- ARF 2 19.8 -'1'5 
( Quar te r .1~  'R.epoxt) 

jjohnson
Rectangle




